ABSTRACT The bronchodilator response to cumulative doses of terbutaline administered by metered dose inhaler with and without a conical spacer device and by Acorn nebuliser has been compared in groups of patients with chronic severe and moderately severe asthma. After laboratory studies the patients undertook a randomised domiciliary crossover comparison of bronchodilator response to terbutaline given by metered dose inhaler with and without a spacer device, during which the severity of asthma was assessed by thrice daily recordings of peak expiratory flow (PEF) and symptom score. Improvement in FEV1 produced in the laboratory by the metered dose inhaler with spacer device was significantly greater than by metered dose inhaler alone (p < 0 001) and similar to that from the nebuliser in both asthmatic groups throughout a range of terbutaline doses. In the domiciliary comparison mean midday and evening PEF rates were significantly higher with the use of the spacer device both in those with severe (p < 001) and in those with moderately severe (p < 005) asthma, and mean morning PEF was significantly higher in the severe group (p < 005). The spacer device also produced a significant improvement in symptom score in both the severe and the moderately severe groups (p < OO5 
and may be a useful alternative to nebuliser treatment.
Patients with severe asthma may fail to respond to bronchodilator drugs from a metered dose inhaler because of poor coordination or inability to inhale an adequate volume of air to carry the metered dose to the lungs in a single breath.' This delivery system favours deposition of the drug in the oropharynx and large airways because of the high velocity of the propelled drug particles and the large size of the propellant droplets in which they are encased.2 Response to bronchodilators delivered from a nebuliser is frequently greater than response to bronchodilators from a metered dose inhaler, but this may simply reflect the larger doses of bronchodilator usually prescribed, as comparative studies with equivalent doses have shown similar bronchodilator responses in chronic, moderate, and acute severe asthma,3 -5 and whole lung deposition is similar in normal subjects with the two techniques.6 7 Further, the nebuliser does not require coordination of aerosol activation and inhalation, which is known to be poor in a large proportion of patients. 2 Attempts have been made to improve lung deposition from a metered dose inhaler by insertion of a spacer between the inhaler and the mouth. A 22 cm conical spacer device with a metered dose inhaler has been shown to be as effective as a nebuliser in acute severe asthma,8 and more effective in laboratory studies of patients with chronic moderately severe asthma.34 This may reflect greater lung deposition,9 possibly in more peripheral airways.10 The role of the spacer device in the bronchodilator treatment of patients with chronic severe asthma, especially in regular domiciliary use, is unclear; but it is these patients who are likely to be considered for treatment with a spacer device. This study was designed to compare responses of asthmatic patients to regular domiciliary bronchodilator treatment from a metered dose inhaler with and without a spacer device, and to give separate consideration to those with severe disease and those with only moderately severe chronic airflow obstruction. Bronchodilator responsiveness was character- The Acorn nebuliser was driven by compressed air at a flow rate of 71 min-1 and the appropriate dose of terbutaline respirator solution (10 mg/ml) diluted to 2 ml with isotonic saline. Metered dose inhalers were specially prepared to release 0-5 mg terbutaline per dose so that doses in the range commonly used in nebuliser treatment could be given without administration of excessive freon propellant. Patients were asked to inhale an appropriate number of doses using a standard technique. The conical spacer device studied was the Nebuhaler (Astra Pharmaceuticals). When using the spacer device with metered dose inhaler patients were instructed to take two deep inhalations after releasing the metered dose, with a breathhold of at least five seconds after the first inhalation.
DOMICILIARY PROTOCOL
The patients went on to undertake a randomised crossover comparison of bronchodilator response to terbutaline given by metered dose inhaler with and without a spacer device, each for two weeks. They were asked to take 1 0 mg terbutaline three times daily by inhaling four consecutive doses from a standard terbutaline metered dose inhaler (0-25 mg per dose), using the technique previously described, and not to take additional doses. The best of three recordings of peak expiratory flow (PEF) was noted before each terbutaline treatment, a Wright mini peak flow meter being used. They recorded the symptomatic severity of asthma by means of a linear numerical symptom score, indicating a number from a linear scale from I ("absent") to 10 ("extremely severe").
STATISTICAL ANALYSIS
In the laboratory study the mean percentage bronchodilator responses obtained with each technique were compared by the Wilcoxon signed rank test, and mean slopes of regression lines for each dose-response curve by one way analysis of variance. In the domiciliary study the mean value of PEF and symptom scores at each time of day were averaged for each week. Values obtained using metered dose inhaler with and without spacer device were compared by the Wilcoxon signed rank test.
Results

LABORATORY STUDY
The mean FEV1 for the group with severe asthma was 0-951 (range 0-55-1[451) and for those with moderately severe asthma 2 201 (1 58-3 221). Details for each patient are given in the table. There was no significant difference in mean baseline values of FEV1 and FVC on the three study days in either group of asthmatic patients. Heart rate increased only slightly, there being no significant difference in mean, maximum, or incremental heart rates after terbutaline inhalation for any of the techniques in either group of patients.
Severe asthma In the group with severe asthma the mean percentage FEV1 response to the initial dose of terbutaline (0-5 mg) was significantly less with the metered dose inhaler (13x5%) than with either the metered dose inhaler with spacer device (22 3%; p < 0.01) or the nebuliser (24.4%; p < 0 05). The dose-response curve for the metered dose inhaler was significantly displaced to the right of those for the inhaler with spacer device (p < 005) and the nebuliser (p < 0-01).
The mean percentage FVC response to terbutaline 0-5mg was significantly less with the metered dose inhaler (10-5%) than with the nebuliser (21-5%; p < 0-01), with During the second week of treatment there were small but significant differences in mean symptom score in favour of the spacer device in the severe group throughout the day (p < 0 05) and in the moderately severe group for the morning and evening observations (p < 0 05).
Discussion
The conical shape of the spacer device used in the study was designed to envelope the aerosol cloud leaving the metered dose inhaler and thereby reduce drug deposition within the device;." The length of the device allows deceleration ofdrug particles leaving the inhaler and has been shown to reduce oropharyngeal impaction while improving lung deposition. strates for the first time a similar advantage in patients with severe chronic asthma. In both groups use of the spacer device doubled the mean improvement in FEV1 obtained from a standard therapeutic dose of terbutaline given by metered dose inhaler alone. This is in keeping with the finding of Newman et al that the lung deposition of radiolabelled Teflon particles in the lung was doubled by use of a spacer device with a 770 metered dose inhaler.9 13 The method of inhalation when this device is used removes the need for precise coordination of actuation of the metered dose inhaler and inhalation, which is known to be inadequate in many patients with asthma and which may partly explain the relatively poor performance of the metered dose inhaler used alone.
In the laboratory study we found no significant differences between bronchodilator responses to the use of metered dose inhaler with spacer device and of nebuliser in either group of patients, although, like others,34 we found a shift of the dose-response curve to the left in favour of use of the device by patients with moderately severe asthma; this is consistent with greater deposition of drug in the lung. This again is in keeping with evidence from radiolabelled aerosol deposition studies that the spacer device produces greater lung deposition than a jet nebuliser.
In the domiciliary study there was a statistically significant, though clinically undramatic, advantage in favour of use of the spacer device in both groups of asthmatic patients; this was seen by both in PEF recordings and in subjective assessments. Except for midday PEF in the moderately severe group, the advantages of using the spacer device did not appear until the second week of treatment, suggesting a cumulative benefit, particularly in the group with severe asthma. The improvement in mean morning PEF, measured before administration of the drug, in the severe group indicates a useful reduction in morning dip in PEF during use of the spacer device for a prolonged period. This was accompanied by an equivalent improvement in mean symptom score and may be of particular clinical value in these patients. Improvement in symptoms of asthma and PEF during use of the spacer device with the metered dose inhaler is most unlikely to be due to placebo bias as no subjective or objective preference was observed during the first week of treatment. A double blind, double dummy study would be required to confirm this but would have required the inhalation of possibly unacceptable volumes of freon propellant.
